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The  binding site on the human  third  complement 
component for bovine  conglutinin has been located. 
C3 fragments  were  purified  to  homogeneity  by  pre- 
parative  SDS-polyacrylamide-gel  electrophoresis. 
Only the  N-terminal27.000  dalton  (Da) fragment of 
the  a’-chain and the ,&chain  were  found to be gly- 
cosylated, and the carbohydrate  was  susceptible to 
endo-B-N-acetylglucosaminidase H. This  finding  in- 
dicates  that  only  high  mannose or  hybrid-type oli- 
gosaccharide  chains  are  present on the C3 mole- 
cule. Binding to conglutinin  was  determined by an 
enzyme-linked  immunosorbent assay and  occurred 
with C3b, iC3b, C ~ C ,  the  &-chain, and  the 27,000 Da 
fragment of the  a’-chain, but  not  with C3d or the C- 
terminal 40,000 Da fragment of the  a’-chain. The 8- 
chain  displayed  very  weak  interaction.  Binding to 
conglutinin  could be  inhibited  by EDTA, N-acetyl- 
glucosamine,  and to a  lesser degree  by  mannose. 
Enzymatic  removal  of the carbohydrate  from  the  C3 
molecule  abolished  binding to conglutinin. It is con- 
cluded  that  bovine  conglutinin  binds to the  carbo- 
hydrate  moiety  located on the N-terminal27.000 Da 
polypeptide of the  a-chain. 

The  third  component of complement (C3), which is 
present in relatively high concentration in serum  (1.2 
mg/ml), plays an  important role within  the complement 
system,  because it is essential in the  reactions of both 
classical and  alternative  pathways of complement acti- 
vation (1).  C3 is composed of two polypeptide chains with 
m.w. of 115,000  (a-chain)  and  75,000 (@-chain) (2, 3). 
Upon activation and  subsequent inactivation of C3, sev- 
eral physiologic fragments  are generated [reviewed in 
References 4, 5). Activation of C3  yields the  anaphyla- 
toxin C3a (9100  daltons [DaI3) and C3b (-180,000 Da), 
which  constitutes  a  subunit of the  serine protease C3/C5 
convertase. Cleavage of C3b by the  serine protease  factor 
I in the presence of factor H removes a  2000 Da fragment 
from the  a’-chain  and  thus produces iC3b (6-8). The a- 
chain of iC3b consists of a 63,000 Da N-terminal  frag- 
ment  and a 40,000 Da C-terminal piece. With the C3b 
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receptor (CR1) functioning as cofactor, factor I then 
cleaves the  a-chain of iC3b near  the N-terminal region to 
produce and liberate the  three-chain  fragment C3c 
(-140,000 Da) and C3dg (39,000 Da) (7, 9, lo]. Tryptic 
enzymes can  further degrade C3dg to C3d (35,000 Da) 
and C3g (5000 Da) (6-8). 

C3 is an extremely versatile molecule in that it displays 
binding sites for multiple complement proteins such as 
factor B, properdin, C5, and  factors H and I. Besides these 
binding sites, C3 contains  sites for specific cell surface 
receptors.  The complement receptor CRl  displays speci- 
ficity for C3b (1 1) and iC3b (12), CR2 for C3d and iC3b 
(13),  and CR3 for iC3b (14). The  binding of iC3b to CR3 
has been suggested as occurring in the  same  manner  as 
the binding of iC3b to bovine conglutinin (12). This  inter- 
action is believed to involve the carbohydrate moiety of 
the C3 molecule. Conglutinin is a bovine plasma  protein, 
of unknown physiologic function,  that binds to yeast cell 
walls and to solid phase iC3b (1 5, 16). It is a collagen-like 
protein containing hydroxylysine and hydroxyproline 
and  has an apparent m.w. of 300,000. The molecule 
consists of six covalently linked identical polypeptide 
chains (1  7).  The binding of conglutinin to iC3b requires 
calcium ions and is inhibitable by N-acetylglucosamine. 
The  exact  site,  within the iC3b molecule, to which con- 
glutinin  binds has not been elucidated. In the present 
study, by using isolated fragments of the C3 molecule, 
we have located the  binding  site of conglutinin specifi- 
cally to the carbohydrate moiety present on the 27,000 
Da polypeptide at  the N-terminus of the  a’-chain of iC3b. 

MATERIALS AND METHODS 

Isolation of complement  components.  Human  C3 (18). factor H 
(1  8). factor I ( 1  8). factor B [ 19). and  C5  (20)  were  purified  from  fresh 
plasma as described. 

Preparation of C3  fragments.  C3b  was  generated  from  C3 by 
limited  digestion  with  trypsin (1% trypsin/C3  [w/wl)  for 90 sec at 
37°C. Trypsln  was  inhlbited by the  addition of a threefold  molar 
excess of soybean  trypsin  inhibitor.  The  iC3b  was  prepared by 
incubating  C3b  with  factor I (0.5% w/w) and  factor H (4% w/w) for 
16 hr   a t  37°C. Both C3b  and  iC3b  were  purified on a Mono-Q column 
(Pharmacia).  which  was  fitted  to a n  FPLC system  (Pharmacia),  at 
room temperature.  The  column  was  equilibrated  with 20 mM sodium 
phosphate  buffer, pH 7.5, and  the  C3b  and  iC3b  retained  on  the 
coIumn  were  eluted  with a 25-ml  gradient of 0 to 500 mM  NaCI a t  a 
flow  rate of 1 ml/min.  The  C3c  and C3d fragments  were  generated 
by digestion of C3  with  elastase (5% w/w)  (Serva) in 0.1 M Tris-HCI, 
0.1 M NaCI. pH 8.0. for 5 hr  at 37°C. The a- and /3-chains of C3  and 
the  constituent  peptides of C3c  were  prepared as described (21). 

Polyacrylamide  gel  electrophoresis.  Electrophoresis of the  puri- 
fied samples  was  carried  out  in  polyacrylamide-slab  gels  in  the 
presence of SDS according  to  the  procedure of Laemmli (22). Protein 
bands  were  detected  by  staining  the  gels  with a 0.05% solution of 
Coomassie Blue R250 (Bio-Rad) in  propan-2-ol/acetic  acid/water 
(5:2:13, by volume). 

massie Blue dye-binding  method of Bradford  (23) with  bovine  serum 
Protein  determination.  Protein  was  measured by using  the Coo- 
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albumin ( S A )  (Sigma) as a standard. 
Lectin overlay. Clycosylation of C3  fragments  and  the removal of 

carbohydrate by endo-B-N-acetylglucosaminase H (endo-H) (Miles) 
were  detected  with  iodinated concanavalin A (Con A) (Vector Labo- 
ratories) as descrlbed by Chu et al. (24).  The conditions necessary 
for the removal of carbohydrate from C3  and  its  fragments were 
initially  determined by incubating  them  with 0 to 30 mU  of endo-H 
for various  time periods a t  37°C in  buffer  containing 50 mM sodium 
citrate, pH 5.5. and 1 mM phenyl  methysulfonyl  fluoride. C3 frag- 
ments were deglycosylated by incubation  with 25 mU  of endo-H for 
24  hr  at 37OC. 

Assay of Cdfragments  blndlng to conglutlnln. The  binding of 
C3  fragments  and  other complement proteins  to conglutinin was 
determined by a n  enzyme-linked immunosorbent  assay (ELISA). 
Microtiter wells  were  coated (4°C overnight) with 50 pl conglutinin 
(20 pgml phosphate-buffered  saline). After saturating  the  plate with 
PES containing 1 % BSA (w/v) and 1 mM Ca2+ in PBS (22°C. 30 min), 

to  40 pmol In saturation  buffer).  The  plate was washed twice (PES/ 
it was allowed to  react with  serially  diluted complement proteins (0 

0.05% Tween 20). and  the bound  complement proteins were  detected 
with the  appropriate  rabbit or goat  antibody and peroxidase-conju- 
gated goat or rabbit  anti-rabbit/goat Ig. 

RESULTS 

Glycosylation of C 3  fragments. The glycosylation of 
C3  fragments  was  determined by a procedure involving 
SDS-polyacrylamide gel electrophoresis (Fig. 1 a) and  sub- 
sequent  treatment of the gel with '251-labeled  Con A (Fig. 
1 b). It was  found that both the a- and @-chains of C3 are 
glycosylated (lane 6. Fig. la. b). The  patterns obtained 
for iC3b and C3c (lanes 4 and 5. Fig. la. b) indicate that 
the glycosylation site of the  a-chain is located within the 
N-terminal 27.000 Da polypeptide. The C-terminal 
40.000  to  43.000 Da polypeptide of the  a-chain  (lane  4, 
Fig. la, b). C3dg (lane  3, Fig. la. b), and C3d (lane 2. Fig. 
la, b) are nonglycosylated. These  results were confirmed 
with the isolated polypeptide chains of C3 and C3c as 
shown in Figure 2a and b. 

Binding to conglutinin. Conglutinin is reported to  have 
a high affinity  for iC3b bound  to cell surfaces  or to 
immune complexes. The ELISA procedure used here 
showed that in  addition  to  binding  to iC3b. conglutinin 
also bound to C3b and  to C3c (Fig. 3). However, it did not 
bind to C3d  (Fig. 3). C3b and iC3b bound equally to 
conglutinin; C3c displayed a slightly  higher  affinity for 
conglutinin. 

With the  use of the  same  assay procedure, the binding 

94kOa- - 
68kOa- 

43kOa- - 
0 

31kOa- - 
21kOa- 

1 2 3 4 5 6  1 2 3 4 5 6  

(a1  Coomassie Stain Ibl Binding of ['2sll Con A 

of I'2si] Con A to C3 fragments. Electrophoresis of purifled samples and 
Flgure 1.  (a) SDS-polyacrylamide gel electrophoresis and (b) binding 

lectin  overlay  were carried out in a 10% (w/v) polyacrylamide slab in 

standards (m.w.  values: phosphorylase B. 92.500: ELSA. 66.200: ovalbu- 
presence of SDS as  described  in Materfals and Methods. Lane 1 = protein 

21.500). lane 2 = C3d. lane 3 = C3dg. lane 4 = C3c. lane 5 = iC3b. lane 6 
min. 45.000: carbonic anhydrase, 31.000: soybean trypsin inhibitor. 

= C3b. 
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la1 Coomatsie Stun Ibl Bindinp of I1''l1 Con A 

of ['lsI] Con A to C3 fragments. C3- and C3c-derived  polypeptides  were 
FLgure 2. (a) SDS-polyacrylamide gel electrophoresis and (b) binding 

purified by preparative SDS-polyacrylamide gel electrophoresis. After 
staining. gel was overlaid  with  ['asi]-Con A, dried. and subjected  to auto- 
radiography.  Lane 1. 27.000 Da a'-chain fragment from C3c: lane 2. 

a-chain from C3: lane 5. C3c: lane 6. C3: lane 7. protein standards. 
40.000 Da a'-chain fragment from C3c: lane 3. ,!?-chain from C3: lane 4. 
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Flgure3. Dose-dependent binding of C3 fragments to conglutlnin. 

Various amounts of C3b (0). iC3b (A]. C3c (O), and C3d (0) were  added  to 
ELlSA plates precoated  with conglutinin. Binding of C3 fragments to 
conglutinin was determlned  with rabbit anti423 antibody. followed  by 
peroxidase-conjugated  goat anti-rabbit antibody. 

of other complement proteins to conglutinin was tested 
(Fig. 4). None of the  human complement proteins  tested, 
nor  cobra venom factor, bound to  conglutinin, even at a 
sixfold higher  concentration than  the C3  fragments: 
whereas  rabbit  C3b did bind to  conglutinin (Fig. 4). 

To localize the binding of conglutinin  on the  human C3 
molecule, we tested the binding of isolated a- and 8- 
chains  and of the  27,000 Da and  40,000 Da polypeptides 
of the a-chain.  The  results  show (Fig. 5) that  the a-chain 
and its N-terminal27.000 Da polypeptide, but not the C- 
terminal  40,000 Da polypeptide, bind to conglutinin. The 
@-chain  had a weaker  affinity (approximately 30-fold 
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Ffgure 6. (a) SDS-polyacrylamide gel electrophoresis and (b) binding 
of 11251] Con A to  C3  fragments  that were incubated  with Endo-H. C3band 

50 C3c were  incubated  with endo-H a s  described  in  Materials and Methods. 
Control samples were incubated  for  the  same  time period at  37°C. but 
without endo-H. Lanes 2 and 4 are control  samples of C3c and C3b. 

Figure4. Bindr%! of comP1ement  proteins to conglutinin.  Human '25 respectively. Lanes 1 and 3 are C3c and C3b. respectively. that  were 
(A). factor  B (A), factor H (0). rabbit  C3b (0). and  cobra venom factor m incubated  with end0-H. 
were  added at  various  concentrations  to ELISA plate:  binding was detected 
with a  peroxidase-conjugated  second antibody: 

Y 

O O  * 5 1 0  12.5 
C3 Fragment Added (pmolesl 

FfgureJ. Binding of C3  fragments  to  conglutlnln.  Different  amounts 
of the  a-chain (0). 8-chain (A). 40,000 Da polypeptide of the @'-chain (0). 
and  27.000 Da polypeptide of the  a'-chain (0) were  added  to  ELSA  plates 
precoated with  conglutinin. 

less) for conglutinin compared with the a-chain  or the 
27,000 Da polypeptide. These  results suggest that the 
binding site of conglutinin is located on the 27.000 Da 
polypeptide. 

C3c Added (p moles) 

lous  inhibltors.  Blnding of various  amounts of C3c (0) to  conglutinin was 
Ffgure 7. Binding of C3c and endo-H-treated C3c In presence of var- 

carried  out  in  presence of 25  rnM  EDTA (0). 50 mM N-acetylglucosamine 
(A). 50 mM mannose (0). 50 mM fucose m. and 50 mM galactose [A). C3c 
was  treated  with endo-H (0) as described  in  Materfals and Methods. 

Inhibition of binding to conglutinin. Because N-ace- 
tylglucosamine is known to  inhibit conglutinin activity, 
we investigated the role of carbohydrate in the interaction 
between C 3  and conglutinin. C3b and C3c were treated 
with endo-H, and  the removal of carbohydrate was ob- 
served by an increase in the electrophoretic mobility of 
endo-H-modified C3b and C3c  (Fig. sa) and  the disap- 
pearance of Con A-binding capacity (Fig. 6b).  These re- 
sults indicate that endo-H is capable of removing the 
carbohydrate from both the a- and  the 8-chains. Thus 
the N-linked oligosaccharides on the 27.000 Da polypep- 
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Figure& Inhibition of C3c binding to conglutinin. C3c (40 pmol) was 
added to ELISA plate precoated with conglutinin in presence of various 
amounts of N-acetylglucosamine (01 and  mannose (0). 

tide and  the  @-chain of C3 are either of the high-mannose 
or the hybrid type. 

The  binding ability of deglycosylated C3c to conglutinin 
and  the inhibition of C3c binding  to  conglutinin by sugars 
were examined (Fig. 7). Deglycosylated  C3c almost en- 
tirely lost its ability to  bind to conglutinin, as did C3c in 
the presence of EDTA, N-acetylglucosamine, and  man- 
nose. Fucose caused  a  slight  inhibition of binding, 
whereas  galactose  appeared  to  have  no  significant  effect 
on the binding of C3c to conglutinin. 

To determine the inhibitory  capacity of N-acetylglucos- 
amine  and  mannose,  the binding of a constant  amount 
of C3c to conglutinin  with  various  concentrations of the 
sugars  was tested (Fig. 8). Approximately 95% inhibition 
was achieved with 25 mM N-acetylglucosamine, whereas 
only 50% inhibition  was observed with 25 mM mannose. 

Thus,  these  results suggest that  the binding  site of 
conglutinin  on the C3 molecule is the carbohydrate moi- 
ety on the  27,000 Da polypeptide, and  that  this interac- 
tion requires  Ca2+ and  can be inhibited by N-acetylglu- 
cosamine and to  a  lesser degree by mannose. 

DISCUSSION 

The purpose of this study  was  to identify the binding 
site of conglutinin  on the C3 molecule. The a- and P- 
chains of C3 and  the various physiologic fragments of 
the  a'-chain were separated by preparative SDS-poly- 
acrylamide gel electrophoresis. Isolated polypeptides of 
complement proteins  have been successfully used in as- 
signing  a  functional role to  a  discrete  submolecular re- 
gion. The 40,000 Da C-terminal  a-chain  fragment of C3  
has been shown to contain  the properdin binding  site 
(21).  and a  factor H-derived peptide has been identified 
as having the C3b binding  site and cofactor function for 

the cleavage of C3b by factor I (25). A 33,000 Da fragment 
of factor B has been isolated and characterized as con- 
taining  the enzymatic  site of  Bb and also  a C3b binding 
site (19). 

The  results obtained here  with the lectin overlay tech- 
nique  show that  the P-chain and  the N-terminal 27,000 
Da polypeptide of the  a'-chain of C3  are glycosylated. 
This observation is consistent  with previous observations 
(26) indicating that  the  27,000 Da a'-chain polypeptide 
and a C-terminal  17.000 Da fragment of the @-chain of 
C3 are glycosylated. Removal of carbohydrate from C3b 
and C3c was achieved with endo-H (Fig. 6) as  indicated 
by an increase  in the electrophoretic mobility and con- 
comitant  loss of the ability to bind Con A. From the 
reported substrate specificity of endo-H (27.  28). it can 
be assumed  that  the N-linked carbohydrate moieties on 
the C3 CY- and  @-chains  are  either of the high-mannose or 
of the hybrid type. This notion is strengthened  further 
by the  fact  that only mannose  and N-acetylglucosamine 
(1.3-1.2%  and 0.3-0.8%, respectively) (29;  Horstmann 
and Muller-Eberhard. manuscript  submitted)  have been 
found  to be present  in C 3  when analyzed by gas chro- 
matography. 

By employing an ELISA, conglutinin bound not only 
iC3b. but  also C3b and C3c. C3d, however, failed to bind 
to  conglutinin. Previous reports  have suggested that con- 
glutinin  binds only to iC3b (15,  16)  and not to C3b and 
C3d (30). In those  studies,  conglutinin activity was  de- 
tected by the agglutination of sheep red  blood cells coated 
with C3 fragments.  The  assay procedure used here de- 
tects  the  direct  interaction between conglutinin and  the 
C3  fragment.  The specificity of the  assay is clearly dem- 
onstrated by the failure of human C5, factor B, factor H, 
and cobra venom factor  to bind to  conglutinin, and by 
the ability of rabbit C3b to yield a positive reaction. 

Molecular dissection of the C3 molecule enabled us to 
identify the  27,000 Da N-terminal polypeptide of the CY'- 
chain as the binding region of conglutinin on the C 3  
molecule (see Fig. 5). Because this polypeptide contains 
the only carbohydrate moiety of the  a-chain of C3, and 
removal of the carbohydrate from C3c  by  endo-H resulted 
in the loss of conglutinin binding activity, it may be 
concluded that it is the carbohydrate moiety on the 
27,000 Da polypeptide that is responsible for binding to 
conglutinin. 

Conglutinin has been shown to require Ca2+ ions for 
activity ( 15).  and  its activity can be inhibited by  N-ace- 
tylglucosamine and to some degree by  L-fucose (31). In- 
teraction between conglutinin and  certain  mannan-con- 
taining  extracts derived from zymosan has also been 
detected (32). We were also  able to inhibit  the binding of 
C3c to  conglutinin with N-acetylglucosamine and  man- 
nose,  with the former being approximately eightfold more 
potent than  the  latter. Because conglutinin requires Ca2+ 
ions  for  expression of activity and because it displays 
specificity for carbohydrate, conglutinin appears to be- 
long to a class of lectin-like mammalian  proteins that 
recognize mannose  and N-acetylglucosamine (33-36). 
Some of the proteins  participate  in the clearance of 
plasma glycoproteins. 

Although both the a- and P-chains of C3 are glycosyl- 
ated,  the @-chain did not display any significant binding 
to conglutinin. This would suggest that  the carbohydrate 
moiety located on the  &chain  differs from that on the a- 
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chain. Our data, together  with the reported carbohydrate 
compositions (24). suggest that C3 contains only high- 
mannose or hybrid-type oligosaccharides, which is un- 
usual  because most serum glycoproteins contain complex 
oligosaccharides (37). Structural  analysis of the carbo- 
hydrate moieties of C 3  is presently being conducted. 

Acknowledgments. We thank Dr. M. Teresa Aguado 
for her generous gift of bovine conglutinin, Dr. Horst- 
mann for the  rabbit C3, and Dr. Ganu for the cobra 
venom factor. 

REFERENCES 

1. Reid, K. B. M., and R. R. Porter. 1981.  The proteolytic activation 

2. Bokisch. V. A.. M. P. Dierich, and H. J. Muller-Eberhard. 1971. 
systems of complement.  Annu. Rev. Blochem. 50:433. 

Third  component of complement (C3): structural  properties  in  rela- 
tion to functions. Proc. Natl.  Acad.  Sci. USA 6:1989. 

3. Nilsson, U. R.. R. J. Mandle. Jr.. and J. A. McConnell-Maps. 1975. 
Human  C3  and C5: subunit  structure  and  modifications by trypsin 
and C42-C423. J .  Immunol. 1 14231 5. 

4. Muller-Eberhard, H. J., and R. D. Schreiber. 1980. Molecular biology 
and  chemistry of the  alternative  pathway of complement. Adu. Im- 
munol. 29: 1 .  

5. Mdler-Eberhard. H. J. 1981.  The  human  complement  protein C3: 
its  unusual  functional  and  structural  versatility  in  host  defense  and 

Elsevier/North Holland. inc.. New York. P. 141. 
inflammation. In Advances in Immunopathology. W. Weigle, ed. 

6. Ross, A.  D., J. D. Lambris, J. A. Cain,  and S.  L.  Newman. 1982. 
Generation of three  different  fragments of bound  C3  with purified 
factor I or serum. I. Requirements  for  factor H us  CRI cofactor 

7. Davis, A. E., 111. R. A. Harrison,  and  P. J. Lachmann. 1984.  Physi- 
activity. J .  Immunol. 129:2051. 

ologic inactivation of fluid phase  C3bi:  isolation  and  structural  anal- 
ysis of C3c. C3d.g (a2D).  and iC3g. J .  Immunol. 132: 1960. 

8. deBruijn, M. H. L., and F.  Fey. 1984.  Human  complement  component 
C3: cDNA coding  sequence  and derived primary  structure. Proc. Natl. 
Acad.  Sci. USA. In press. 

9. Medof, M. E.. K. Iida. C. Mold, and V. Nussenzweig. 1982. Unique 

associated  with  immune  complexes. J .  Exp. Med. 156: 1 739. 
role of the  complement  receptor  CRI  in  the  degradation of C3b 

10. Medicus, R. G.. J. Melamed, and M. A. Amaout. 1983. Role of 
human  factor I and  C3b  receptor in the cleavage of surface-bound 
C3bi molecules.  Eur. J .  Immunol. 13:465. 

1 1. Fearon. D. T. 1980.  identification of the  membrane glycoprotein that 
is the C3b  receptor of the  human erythrocyte,  polymorphonuclear 

12. Ross, G .  D., S .  L. Newman, J. D.  Lambris, J. E. Deveny-Pocius. J. 
leukocyte, B lymphocyte and monocyte. J. Exp. Med. 152:20. 

A. Cain,  and P. J. Lachmann. 1983.  Generation of three  different 
fragments of bound  C3  with  purified  factor I or serum. 11. Location 
of binding  sites  in  the  C3  fragments for factors  Band H. complement 
receptors, and bovine conglutinin. J .  Exp.  Med. 158:334. 

13. Lambris, J. D., N. J. Dobson, and G .  D. Ross.  1981.  isolation of 
lymphocyte  membrane  complement  receptor  type  two  [the C3d recep- 
tor]  and  preparation of receptor-specific  antibody. Proc. Natl.  Acad. 
Sci. USA 78:1928. 

14. Ross. G. D., and J. D. Lambris. 1982.  identification of a C3bi-specific 
membrane  complement  receptor that is expressed on lymphocytes, 

15. Lachmann, P. J. (1967)  Conglutinin  and  immunoconglutinins. Adu. 
monocytes,  neutrophils  and  erythrocytes. J .  Exp. Med. 155:96. 

16. Lachmann, P. J.. and H. J. Muller-Eberhard. 1968.  The  demonstra- 
Immunol. 6:479. 

tion in  human  serum of "conglutinin-activating  factor" and its effect 
on the  third  component of complement. J. Immunol. 100:691, 

17. Davis, A.  E., III. and P. J. Lachmann. 1984. Bovine conglutinin is a 
collagen-like protein.  Biochemistry 23:2139. 

18. Lambris. J. D.. N. J. Dobson,  and G .  D. Ross.  1980. Release of 
endogenous  C3b  inactivator  from  lymphocytes in response  to trig- 

19. Lambris, J. D.. and H. J. Muller-Eberhard. 1984. isolation and 
gering  membrane  receptors  for  pl H globulin. J. Exp. Med. 152: 1625. 

characterization of a 33.000 dalton  fragment of complement  factor 
B with  catalytic and  C3b  binding  activity. J .  Blol. Chem. 259:12685. 

20. Tack, B. F.. S .  C. Morris. and J. W. Prahl. 1979.  The  fifth  component 
of human complement:  purification from plasma  and polypeptide 

21. Lambris. J. D., J. Alsenz, T. F. Schulz, and M. P. Dierich. 1984. 
chain  structure.  Biochemlstry  18:1490. 

Mapping of the properdin-binding  site  in  the  third  component of 
complement.  Blochem. J .  127:323. 

22. Laemmli, U. K. 1970. Cleavage of structural Droteins during  the 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

assembly of the  head of bacterGphage  T4. Natu;e 227:4311. 
Bradford, M.  M. 1976. A rapid and  sensitive  method  for  the  quanti- 
tation of microgram quantities of protein utilizing the principle of 
protein-dye  binding.  Anal.  Biochem. 72:248. 
Chu, F. K., F. Maley,  and  A. L. Tarentino. 1981.  The  use of iodinated 
lectins  for  determining  the degree of deglycosylation of high-man- 

chem. 1 16: 152. 
nose  glycoproteins by endo-8-N-acetylglucosaminidase H. Anal. Blo- 

Alsenz, J.,  J. D. Lambris,  T.  F. Schulz, and M.  F. Dierich. 1984. 

factor I in the 38 kDa tryptic  fragment of factor H. Biochem. J .  In 
Localization of the  C3b-binding  site  and  the  cofactor  activity  for 

Chiu. F. J.. and C. L. Atkin. 1983. Catabolitles of the  third compo- 
press. 

Biol. Chem. 258:7200. 
nent of complement  in  urines of hereditary  nephritis  patients. J .  

Tarentino. A. L., and F. Maley. 1975. A comparison of the  substrate 
specificities of endo-0-N-acetylglucosaminidases from Streptomyces 
griseus  and Dlplococcus  pneumoniae.  Biochem.  Biophys.  Res. 
Commun.  67:455. 
Tai.  T., K. Yamashita,  and A. Kobata. 1977.  The  substrate specific- 
ities of endo-8-N-acetylglucosaminidases CII and H. Blochem. Bio- 
phys. Res. Commun. 78:434. 
Niemann. M. A., M. Tomana, C. Gamer,  and J. E. Volunakis. 1984. 
Carbohydrate composition of the  human  complement  proteins D. B. 
C3  and C5. Fed. Proc. 43: 1447. 
Linscott, W. D., R. Ranken,  and R. P.  Triglia. 1978. Evidence that 
bovine conglutinin  reacts  with an  early product of C3b  degradation, 

Leon, M. A.. and R. Yokohari. 1964.  Conglutinin: specific inhibition 
and an improved conglutination  assay. J .  Immunol. 121 :658. 

LachmaM, P. J.. D. E. Elias,  and A.  Moffett. 1972.  Conglutinin  and 
by carbohydrates.  Science 143: 1327. 

immunoconglutinins.  in Biological Actiulties of Complement. D. A. 
Ingram, ed. Karger, Basel. P. 202. 
Kawaski.  T.. R. Etoh, and I. Yamashima. 1978. Isolation and  char- 
acterization of a  mannan-binding protein from rabbit liver. Biochem. 

Kozutsumi. Y.. T.  Kawaski, and I. Yamashima. 1980. Isolation and 
Blophys.  Res. Commun. 81: 101 8. 

characterization of a mannan-binding  protein  from  rabbit  serum. 
Biochem.  Biophys.  Res. Commun. 95:658. 
Stahl, P.. P. H. Schlesinger, E. Sigardson, J. Rodman, and Y. C. 
Lee. 1980. Receptor-mediated pinocytosis of mannose glycoconju- 
gates by macrophages:  characterization  and evidence for receptor 
recycling. Cell 19:207. 
Townsend, F.. and P. Stahl. 1981. Isolation and characterization of 
a mannose/N-acetylglucosamine/fucose-binding protein from rat 
liver. Blochem. J. 194:209. 
Pollack. L., and P. H. Atkinson. 1983. Correlation of glycosylation 
forms  with position in  amino acid sequence. J. Cell. Blol. 97:293. 


